Substrate-regulated, cAMP-dependent phosphorylation, denaturation, and degradation of glucocorticoid-inducible rat liver cytochrome P450 3A1.
The major rat glucocorticoid-inducible cytochrome P450 (CYP3A1) is known to be regulated at a transcriptional level by glucocorticoids and at a post-translational level by substrate-dependent stabilization. We have investigated mechanisms of substrate/ligand stabilization using primary hepatocytes, isolated liver microsomes from dexamethasone-treated rats, and purified enzymes. Treatment of hepatocytes with glucagon caused a 3-fold increase in CYP3A1 phosphorylation as well as an enhanced degradation rate of the enzyme. Specific CYP3A1 substrates or ligands, such as erythromycin, triacetyloleandomycin, and clotrimazole (CTZ) protected the enzyme from degradation in hepatocytes and inhibited in a concomitant manner (r = 0.99) glucagon-induced phosphorylation of the enzyme. In vitro experiments with purified CYP3A1 and isolated liver microsomes revealed one major site (Ser393) phosphorylated by the catalytic subunit of cAMP-dependent kinase, a reaction inhibited by ligands. Experiments in microsomes showed the presence of an endogenous cAMP-dependent kinase active on CYP3A1. Addition of exogenous cAMP-dependent kinase increased the rate of microsomal CYP3A1 phosphorylation, a reaction further stimulated by NADPH, but inhibited by CTZ. The microsomal phosphorylation caused a pronounced denaturation of cytochrome P450, as revealed spectrophotometrically, whereas CTZ protected from this reaction. Similar effects were noted when the CYP3A1-dependent 6 beta-hydroxylation of testosterone was monitored. It is suggested that the cellular CYP3A1 level is regulated to a significant extent posttranslationally by substrate-regulated cAMP-dependent phosphorylation on Ser393, followed by denaturation and degradation in the endoplasmic reticulum.